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1. Introduction 

The tweeters (high-frequency drive units) used 
in BBC designed monitoring loudspeaiters have 
always been of commercial manufacture and have 
generally been selected from a production run to 
meet a specified sensitivity and frequency response. 
The BBC possesses considerable expertise in the 
design of bass (low-frequency) drive units but until 
now has not acquired similar experience in the 
design of tweeters. 

The two most recent studio monitoring loud- 
speakers, namely the LS5/8 and LS5/9 (1,2) each 
incorporate two drive units. The bass units of 
300 ram and 200 mm respectively are of BBC design 
and the tweeter in both cases is a commercially-made 
34 mm soft-domed moving coil unit. The tweeter, 
which takes over from the bass unit at approxi- 
mately 2 kHz, has generally proved to be satis- 
factory although some batches have varied in per- 
forrnance at the upper end of the frequency range. 
There is also the possibility that a commercially 
designed unit may be modified or discontinued, 
whereas an in-house design could be supplied by 
more than one manufacturer or even produced in- 
house if required. These considerations led to the 
decision to acquire experience in the design and 
manufacture of tweeters. 

This Report describes a number of different 
types, assesses the performance of a number of 
commercial units, and gives reasons for choosing 
the moving-coil type as the one most likely to be 
suited to BBC requirements. 

An in-house design is described together with 
performance details and it is concluded that it could 
be considered as a replacement unit for the one 
presently used in the LS5/8 and LS5/9 monitoring 
loudspeakers should this become necessary. Possible 
shortcomings in the design and suggestions for 
improvements are discussed, 

2. Description of tweeter types 

2.1. General 

Electroacoustic conversion may be achieved by 
electromagnetic, piezoelectric or electrostatic means 



(3). The electromagnetic tweeter is most commonly 
of the moving-coil type in which a coil in a radial 
magnetic gap is subjected to an axial force; the 
acoustic radiator is a dome-shaped diaphragm atta- 
ched to the coil. A variant of this is the much less 
common ribbon type which is, in effect, a half-turn 
moving-coil with the ribbon itself as the acoustic 
radiator. 

The most common form of piezoelectric tweeter 
comprises a ceramic element driving a horn-loaded 
diaphragm; recently however direct radiating piezo- 
electric tweeters have been developed. An electrosta- 
tic tweeter comprises a flat radiating element which 
is acted upon by a uniform electric force over its 
whole surface. 

To enable an assessment of the performance of 
different types of tweeter to be carried out a repre- 
sentative selection was purchased and measure- 
ments of frequency response, sensitivity, distortion 
and directional response were made, together with 
an assessment of mechanical and electrical rugged- 
ness and probable ease of manufacture. 

2.2. Moving-coil 

Fig. 1 shows the construction of the moving- 
coil tweeter (subsequently referred to as the current 
unit) used in the LS5/8 and LS5/9 loudspeakers 
(1,2). The diaphragm, formed from impregnated 
woven fabric, comprises a radiating dome which is 
integral with a surrounding roll and clamped around 
its outer edge. The roll provides both the termin- 
ation for the diaphragm and the restoring force for 
the moving system, thereby combining the functions 
of suspension (spider) and surround found in other 
types of moving coil drive unit. 

Fig. 2 (a) shows the on-axis response/frequency 
characteristic of the current tweeter together with 
the 2nd harmonic distortion (the level of 3rd har- 
monic distortion is below 30 dB SPL). Fig. 2(b) 
shows the response/frequency characteristic on-axis 
together with the response at 30° and 45° ofT-axis. 

2.3. Ribbon 

In a ribbon tweeter (4) the impedance match 
between the ribbon and the air is very poor and 
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Fig. ! - The construction of a moving-coil tweeter. 



consequently acoustic conversion efficiency is very 
low. The addition of a horn (Fig. 3) provides a 
generally improved but highly frequency dependent 
match between the ribbon and the air. It therefore 
increases efficiency but at the expense of irregular- 
ities in both response/frequency characteristic and 
directionality. 

Fig. 4(a) shows the on-axis response/frequency 
characteristic of one type of ribbon tweeter together 
with the 2nd and 3rd harmonic distortion, and 
Fig. 4(b) shows the response/frequency characterstic 
on-axis together with the responses at 30" and 45" 
off-axis. 

2.4. Piezoelectric 

The horn-loaded piezoelectric tweeter (5), (Fig. 
5) is a very efficient radiator but exhibits irregular- 
ities in both response/frequency characteristic and 
directionality. Fig. 6(a) shows a typical on-axis 
response/ frequency characteristic together with the 
2nd harmonic distortion, whilst Fig. 6 (b) shows the 
response/frequency characteristic on-axis together 
with the response at 30° and 45° off-axis. 

Direct radiating piezoelectric tweeters using 
synthetic polymers were the subject of a feasibility 
study carried out in BBC Research Department in 
1981 (6). A recently available commercially manu- 
factured unit with a 60 mm diameter diaphragm 
(Fig. 7) was included in the current assessments and 
Fig. 8(a) shows the on-axis response/frequency 
characteristic together with the 2nd and 3rd har- 
monic distortion, Fig. 8(b) shows the 
response/frequency characteristic on-axis together 
with the response at 30° and 45° off-axis. 
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fig. 2 - Response/frequency characteristics of 

34mm moving-coil tweeter, (a) on axis; fundamental 

and 2nd harmonic, 2V applied, (b) on-axis and two 

angles off- axis. 



2.5. Electrostatic 

These devices require an e.h.t. polarizing vol- 
tage to be connected across the diaphragm and the 
electrodes between which it is sandwiched (4); 
because of this complication it was considered to be 
unsuitable for BBC use and no assessment of this 
type was made, although it is acknowledged that 
excellent sound quality may be obtained. 
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Fig. 3 - Horn-loaded ribbon tweeter arrangement. 
3. Design Considerations 

3.1. Choice of type 

From the assessments carried out on the 
various types of tweeter it was concluded that the 
moving-coil type is the one which best fulfils the 
BBC's requirements of a monitoring loudspeaker 
for the following reasons: 

1. A response/frequency characteristic which is 
reasonably flat and extends from 2 kHz to 16 
kHz. 

2. A sound quality free from coloration and 
subjectively acceptable. 

3. An ability to handle input powers necessary 
for the generation of sound pressure levels in 
excess of lOOdB at 1 m. 

4. A low level of harmonic distortion. 
5- Consistency of product. 

6. Ruggedness of construction. 

The shortcomings of the other types of tweeter 
when compared with the moving-coil type are un- 
even response/frequency characteristic and uneven 
directionality. Further, the ribbon tweeter is fragile 
and because of the horn is bulky and the response/ 
frequency characteristic of a piezoelectric tweeter 
does not extend down to a sufficiently low frequency 
for it to be suitable for inclusion in a two unit 
loudspeaker design. 

3.2. Design criteria 

The design criteria chosen for the BBC tweeter 
are related to the performance of the current unit 
used in the LS5/'8 and LS5/9 loudspeaker designs. 
Direct replacement is a desirable feature requiring 
similar overall dimensions, identical fixing arrange- 
ments and a matching sensitivity. 

The requirement of the design is for a 
response/frequency characteristic which is smoother 
and extends to a higher frequency than that of the 
current unit; reference to Fig. 2(a) shows that the 
response of the current unit falls rapidly after the 
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peak at 1 2 kHz. In addition, the subjective sound 
quality of the BBC design should match that of the 
current unit and no colorations should be audible. 

3.3. Choice of materials 

Since the LS5/8 is able to generate sound levels 
of 1 14 dB (LIN) on programme then the tweeter 
itself may be required to generate sound levels in 
excess of 100 dB. The large electrical signals neces- 
sary to produce these high sound levels will dissipate 
considerable power in the resistance of the voice-coil 
and consequently both the voice-coil and its former 
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Fig. 5 - The construction of a horn-loaded piezo- 
electric tweeter. 

must be able to withstand the high temperatures 
generated. Previous experience with the LS5/8 and 
LS5/9 bass units led to the choice of polyimide- 
coated wire and sheet polyimide for the voice-coil 
and former respectively. The proximity of the 
diaphragm and the voice-coil also means that the 
diaphragm and adhesives may be subjected to high 
temperatures, and this must be taken into accounr in 
the choice of materials. 

The sensitivity of a tweeter is inversely propor- 
tional to the moving mass and therefore it is prefer- 
able that the diaphragm should be made of a low 
density material which should also be mechanically 
lossy, since this latter property will contribute to the 
smoothness of the response/frequency characteristic 
and is more likely to produce a sound which will be 
free from colorations. If the material chosen, 
because of other considerations such as low density 
or ease of fabrication, has a low inherent lossiness, 
then it may be necessary to apply a damping layer to 
the diaphragm, but this will be at the expense of an 
increase in mass and consequent decrease in 
sensitivity. 

Dome diaphragms are manufactured by a num- 
ber of loudspeaker component suppliers and most 
commonly the materials used are synthetic poly- 
mers, which may be either film (sheet) or woven 
filament (fabric). Diaphragms made with fabric 
must have the spaces between the filaments sealed; 
the sealant performs the function of making the 
diaphragm airtight and should also provide mech- 
anical damping. 

3.4. Size 

The choice of diameter for the dome/voice-coil 
is dependent upon the acoustic power output re- 
quired and the allowable directivity of the tweeter. 

If one assumes piston-hke behaviour for the 
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fig. 6 - Response /frequency characteristics of horn- 
loaded piezoelectric tweeter, (a) on-axis; fun- 
damental and 2nd harmonic, 2V applied, (h) on- 
axis and two angles off-axis. 

diaphragm then the following relationships are 
vahd:- 



Wctu^ 



uotr 



where W = acoustic output 
power from diaphragm 



u = volume velocity 
r = radius of diaphragm 

therefore W a r"^ 
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Fig. 7 - The construction of a direct-radiating piezo- 
electric tweeter. 

Since the directivity of a piston in a large baffle 
increases as the size of the diaphragm increases, a 
compromise between power output and directivity is 
necessary. The polar responses of the LS5/8 and 
LS5/9 loudspeakers are considered to be satis- 
factory, suggesting that the directivity of the present 
tweeter is acceptable and, since the output power 
obtainable is adequate to meet current and foresee- 
able needs, it was proposed that the size of the 
diaphragm of the prototype unit should be as near as 
practicable to 34 mm. Commercially manufactured 
diaphragms of this size are not generally available, 
the nearest being 38 mm, and a selection made from 
different materials and of various shapes was ob- 
tained for appraisal. It was intended, however, that 
the diameter of an in-house manufactured dia- 
phragm would be 34 mm. 

4. Description and performance of 
prototype tweeter 

4.1. Introduction 

Samples of four different commercial dia- 
phragms were selected, two of woven fabric and two 
of film, and four prototype designs incorporating 
these were devised. It was proposed to fabricate at 
least one example of each and to develop the design 
which showed most potential lo the stage where it 
would be suitable for use in a monitoring 
loudspeaker. 

4.2. Preliminarv designs 

The current unit has a doped fabric diaphragm 
and the response/frequency characteristic of such 
units is highly dependent upon the mechanical 
damping properties of the doping compound and 
the quantity used. For the two tweeters with woven 
fabric diaphragms it was necessary to develop a 
suitable dope, since formulations of dope used to 
treat commercially manufactured tweeters are regar- 
ded as confidential. 

A number of different formulations were tried, 
but none was considered satisfactory. The best 
response/frequency characteristics obtained were 
not acceptable. Fig. 9 (a) shows a typical example. 



o 
O 

CVJ 



4) 

> 

o 

.a 
o 

ffi 

> 



I/) 
« 



c 

o 
in 




60 



50 



40 



30 



3rd harmonic 




2nd harmonic 



It 

It 
I t 



J z_Jt 






^o 



20 



frequency, kHz 
(a) 



> 
4> 



3 

in 
in 

0) 



T3 

c 
o 

> 

o 




5 10 

frequency, kHz 

(b) 



Fig. 8 - Response/frequency characteristics of 

60mm direct-radiating piezoelectric tweeter, (a) on- 

axis; fundamental and 2nd and 3rd harmonics, 2V 

applied, (b) on-axis and two angles off axis 

Work on the fabric diaphragm units was discon- 
tinued because work on film diaphragms, proceed- 
ing at the same time offered a better chance of 
success. Subsequently a doping compound based on 
bitumen, derived from a self adhesive damping 
sheet, showed promise and may be useful for any 
future work. 

The two commercially manufactured dia- 
phragm samples made from film were dissimilar, 
particularly as regards flexibility. The first, coded. 
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designs of tweeter wilh different diaphragm 
materials, (a) 38mm doped fabric, (b) 38mm 'SPS' 
film, (c) 38mm polyester film, (d) 34mm PVC film 
(vacuum formed in-house). 

SPS, was ]50fim thick and very flexible; the second, 
a polyester, was 75 /jm thick and considerably less 
flexible. Prototype units incorporating the two types 
of diaphragm were fabricated and the 
response/frequency characteristics of these are 
shown in Figs. 9(b) and 9(c). As will be seen the 
response of the SPS unit falls rapidly above S kHz, 
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Fig. JO - The construction of a BBC Prototype 38 mm 

tweeter. 



whereas the response of the polyester unit extends to 
20 kHz. In view of the restricted response of the SPS 
unit no subjective assessments were made on it: 
however those carried out on the polyester unit 
suggested that further development was worth 
pursuing. 

To complement the work on commercial 38 mm 
diaphragms a parallel investigation was carried out 
using in-house vacuum formed 34 mm diaphragms 
of 150/jm thick plasticized PVC sheet. A typical 
response/frequency characteristic is shown in Fig. 
9{d), and is seen to be reasonably smooth and to 
extend to 1 2 kHz, However, subjective evaluation 
was rather discouraging because the sound had a 
prominent coloration in the region of 5 kHz. 

For several reasons this work was discontinued . 
Doubts were expressed about the suitability of using 
heavily plasticized PVC in regard to its long term 
physical properties, its mechanical stability and its 
thermal characteristics. Also despite attempts to 
improve the vacuum forming technique, there were 
wide variations in the material thickness in different 
areas of the diaphragm. 

4.3. Final design 

Work on the preliminary designs outlined 
above led to the conclusion that the best chance of 
success lay in the adoption of a design based on a 
doped polyester film diaphragm. Fig. 10 shows the 
construction of the prototype unit which is seen to 
be essentially the same as the current unit described 
in Section 2.2. 

Important differences are the size and shape of 
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the diaphragm and the materials from which the 
diaphragm, voice-coil and voice-coil former are 
made. The mild steel pole-pieces together with the 
unmagnetised magnet are glued together with acry- 
lic adhesive; accuracy of fabrication is aided by the 
use of in-house manufactured jigs. When magnet- 
ised, the flux density in the annular gap is 1.5 Tesla. 

The voice-coil, once wound, is bonded to the 
voice-coil former with a high-temperature epoxy 
resin. The voice-coil, diaphragm and carrier plate 
are then glued together with cyano-acrylate adhes- 
ive. Register pins in the assembly jigs and corres- 
ponding ones on the outer pole faces mate with holes 
in the carrier plate to ensure a high degree of 
positional accuracy of the voice-coil in the magnetic 
gap. Fig. 1 1 shows a completed prototype unit and 
its sub-assemblies. 

4.4. Response/frequency characteristic 

The diaphragm is made of polyester film which 
is a highly undamped (mechanically) material and, 
as expected, requires the addition of a damping 
compound to make it suitable. Fig. 12 (a) shows the 
on-axis response/frequency characteristic of the fun- 
damental, 2nd harmonic and 3rd harmonic with a 
totally undamped diaphragm. Fig. 12(b) shows the 
result of adding a layer of damping compound to the 
roll and dome area adjacent to the voice-coil. It can 
be seen that the curve of the fundamental is consider- 
ably smoother, particularly above 5 KHz, together 
with a considerable reduction in the level of har- 
monic distortion. 

The characteristic shown in Fig. 12 (b) mcludes 
the effect of damping the magnet and dome cavities. 



In contrast Fig. 12(c) illustrates that the effect of 
removing this damping is to introduce irregularities 
at 1.5kHz and 14kHz. The removal of damping 
from the magnet cavity, in the form of soft felt 
wrapped round the lower end of the inner pole-piece, 
results in the irregularity in the region of 1.5 kHz, 
which is near to the fundamental resonance of the 
tweeter. The disc of soft acoustic absorber stuck to 
the front face of the inner pole-piece, constitutes 
damping of the dome cavity and is seen to inhibit a 
peak in the response at 14 kHz. 

Comparison of Fig. 12 (b) with Fig. 2 (a) shows 
that the on-axis response/frequency characteristic of 
the prototype falls with increase in frequency, 
whereas that of the current unit rises. Since the 
prototype is 2-3 dB more sensitive (note the absolute 
levels in the region 2 to 5 kHz) it is possible to use 
equalization to match the prototype to the current 
unit. Fig. 13 (a) shows the response of the prototype 
and Figs. 13 (c) and 13 (d) show the response of two 
examples of current units. The application of simple 
CR equalization modifies the response of the proto- 
type so that, as is seen in Fig. 13 (b), a reasonable 
match between the current and prototype unit has 
been achieved. The choice of a more suitable 
diaphragm material would eliminate the need for the 
addition of a damping compound and an improve- 
ment in the response/frequency characteristic would 
make it unnecessary to apply equalisation. 

4.5. Harmonic distortion 

The on-axis response/ frequency characteristics 
of the fundamental and 2nd harmonic are shown in 
Figs. 14(a) and (b) for the prototype and current 
units respectively. The 2nd harmonic distortion is 




Fig. 11 - Prototype 
tweeter and subassemblies. 
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below — 40dB for both units with the exception for 
the prototype which has a -30dB peak at 14 kHz 
which is not audible. The 3rd harmonic distortion is 
below — 50dB for both units. 

4.6. Power handling and maximum output level 

A number of tests were conducted to assess the 
power handling capability and maximum sound 
pressure level obtainable. 

To test for electrical and mechanical rugged- 
ness, an equalised prototype unit was fed from a 
BBC type AM8/16 amplifier which is designed for 
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Fig. 12 - On-axis response/frequency charac- 
teristics of prototype 38mm Iweeler. (a) diaphragm 
undamped, (b) diaphragm damped, (c) effect of 
removing damping from (J) magnet cavity (2) dome 
cavity. 

use with the LS5/8 loudspeaker. The AM8/16 is a 
two channel amphfier which feeds the bass and high 
frequency units separately and incorporates a low- 
level crossover network. The power output from the 
high frequency channel is normally restricted to 1 8 
watts, but for the purposes of this test was allowed to 
deliver its designed power of lOOW. The amplifier 
was fed continuously with Radio 2 (light popular 
music with continuity speech) and was adjusted to 
give maximum output on programme peaks which 
produced a sound pressure level from the tweeter of 
108 dB at a distance of 1 metre. 

The unit operated satisfactorily for 7 days, after 
which it failed as a result of a pin-point burn-out of 
the voice-coil. No signs of general overheating, 
mechanical fatigue or adhesive failure were observed 
and the temperature of the backplate did not rise 
above ambient (24°C). A similar test was carried out 
on a current 34 mm unit. This failed after 4^ days as 
a result of the voice-coil winding becoming detached 
from the voice-coil due to failure of the adhesive. 
Again, no signs of general overheating were 
observed. 

Other (non-destructive) tests carried out were 
as follows: 

(1 ) Continuous application of 5 kHz sine waves at 
lOV rms for a duration of 4hrs; this produced a 
sound pressure level of 100 dB at 1 m. The backplate 
temperature reached stability at 38°C (ambient 
24X). 
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(2) Continuous application of pink noise (band 
limited by LS5/8 cross-over network) for a duration 
of 8hrs; this produced a sound pressure level of 
100 dB at 1 m. The backplate temperature reached 
stability at 36"C (ambient 24°C). 

(3) To assess the maximum undistorted output 
level obtainable, pulsed sine waves were fed to the 
unit. The output of a microphone placed 1 m distant 
from the unit was monitored to detect the onset of 
distortion. This test was carried out at both 5 kHz 
and 10 kHz and produced a sound pressure level of 
106dB before the rapid onset of audible distortion 
occured. 

4.7. Off~axis performance 

The response/frequency characteristics of the 
prototype and current units were measured on-axis 
and at 15^ and 30° ofT-axis. Each unit was mounted 
on a 1 m square plywood baffle with the measuring 
microphone placed at a distance of 1.5 m. The 
directional response of the units are compared in 
Figs. 1 5 (a) and (b) from which it is seen that the off- 
axis response of the current 34 mm unit is superior to 
that of the prototype unit. This is to be expected 
because the diameter of the current unit is less than 
that of the prototype. 

There are at present no agreed performance 
standards with regard to the directional response of 
BBC loudspeakers and therefore it is not possible to 
say to what extent, if any, the more directional 
performance of the prototype unit will be a disad- 
vantage. In the past certain loudspeakers which were 
more directional than others were considered to be 
superior, particularly in respect of stereophonic 
imaging in the often far from ideal acoustic con- 
ditions of many control cubicles. 

4.8. Subjective quality 

Assessments of subjective quality were made at 
intervals throughout the development period by 
means of listening tests carried out by BBC Research 
Department and Radio Broadcasting staff. Com- 
parisons were made between BBC prototypes and 
current 34 mm units using a specially modified LS5/8 
loudspeaker in which the normal baffle was replaced 
by one which had provision for mounting two 
tweeter units side by side (Fig. 16). Facilities for 
switcliing between the tweeters were provided, to- 
gether with independent adjustment of tweeter level 
to compensate for sensitivity differences between 
units. 

Tape recorded extracts of monophonic speech 
and music, familiar to the hsteners making the 
comparisons, were played through the loudspeaker. 
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Fig. 13 - On-axis response/frequency charac- 
teristics of prototype 38mm unit and two examples 
of commercial 34mm units, (a) prototype 38mm unit 
(unequalised). (b) prototype 38mm unit (equalised). 
(c) typical 34mm unit, (d) typical 34mm unit. 
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The listeners, who had control of the tweeter switch- 
ing, made assessments of the quality of the proto- 
type relative to that of the current 34 mm unit which, 
for this test, was treated as an ideal tweeter. The 
sound quahty of the final version of the prototype 
unit was judged to be sufficiently close to that of the 
current 34 mm unit for it to be considered as a 
replacement in the LS5/8 and LS5/9. 

4.9. Consistency of performance 

In order to assess the consistency of perfor- 
mance of individual units of the final design, six were 
made on a "production hne" basis. The units were 
tested both objectively and subjectively, and the 
range of differences between the six units was no 
greater than would be expected from six of the 
current 34 mm units selected from a single produc- 
tion batch. 

4.10 Field trials 

Preliminary field trials of two of the prototype 
tweeters have been carried out in the BBC's Quality 
Monitoring room in London by Radio Broadcast- 
ing staff using the two LS5/8 loudspeakers used 
normally for quahty assessment of broadcast out- 
put. For these trials the output of the four Radio 
Networks and Radio London were available in 
addition to the tape recorded extracts of programme 
frequently used for loudspeaker quality assessment. 

The first listening sessions, which were mono- 
phonic only, were a re-appraisal of the performance 
of the prototype units; for this, the current 34 mm 
unit in one of the pair of LS5/8s was replaced by a 
prototype unit and compared with the unmodified 
LS5/8. The stereophonic performance of the proto- 
type units was also assessed on the pair of LS5/8s, 
firstly with both loudspeakers modified with proto- 
type units, and secondly with one of the pair modi- 
fied and the other unmodified. The assessments were 
carried out over a period of several days during 
which time the normal activities of quahty monitor- 
ing were carried out, which therefore included hsten- 
ing to a wide variety of items of broadcast output. 

The tests confirmed that the quality of the 
prototype unit was such that it could be considered 
as a replacement for the current 34 mm unit for both 
monophonic and stereophonic listening. The sound 
quahty of the two types was very similar, but 
certainly not identical, and there was sufficient 
difference between them for it to be unacceptable to 
use a mixture of types in a pair of LS5/8 loud- 
speakers being used for stereophonic listening. The 
difference in off-axis performance between the 
tweeter types probably contributed to the un- 



acceptability of mixing modified and unmodified 
loudspeakers for stereophonic listening. 
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Fig. 14 - 2nd harmonic distortion of prototype 

38mm unit and typical commercial 34mm unit 

relative to fundamental, (a) prototype 38mm unit. 

(b) typical 34mm unit. 
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/5 - Directional response of prototype 38mm 
and commercial 34mm unit, (a) prototype 
38mm unit, (b) typical 34mm unit. 

5. Conclusions 

The design of a prototype moving-coil high 
frequency loudspeaker drive unit (tweeter) has been 
described together with some of the probJems as- 
sociated with its development. 

A comparison of the objective performance of 
the BBC prototype with that of the commercial 
34 mm unit, which is currently used in the LS5/8 and 
LS5/9 high-quahty monitoring loudspeakers, shows 
that in respect of harmonic distortion and power 
handhng capability the two types are not very 
ditTerent. Over the range 2 to 10 kHz the 
response/ frequency characteristics of the two types 
are similar; above 10 kHz the response of the proto- 
type unit is flatter and extends further in frequency. 
The prototype unit because of its larger diameter has 
a more directional response than the current 34 mm 
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Fig. 16 - Modified LS5I8 baffle for subjective quality 
comparisons of tweeter units. 

unit. Measurements of the objective performance 
made on six samples of the prototype unit showed a 
satisfactory standard of consistency. 

Comparisons, made during the preliminary 
field trials, of the subjective performance of the BBC 
prototype and the current 34 mm units showed, on a 
wide variety of programme material, that the sound 
quality was sufRciently similar for the prototype to 
be a suitable replacement for the current 34 mm unit 
as used in the LS5/8 and LS5/9 monitoring loud- 
speakers. There is however sufficient difference be- 
tween the performance of the prototype and current 
tweeters for it to be unacceptable to use a mixture of 
types for stereophonic listening. One of the factors 
responsible is probably the difference in off-axis 
performance, although this difference seems to be 
generally unimportant for the other subjective as- 
sessments so far carried out. As a result of this work, 
the BBC now has some experience in the field of 
tweeter design and construction which, in the future, 
may enable it to exert some influence on the design of 
commercial tweeters. 

It is not envisaged that the prototype design will 
be used operationally in the near future since the 
current 34mm unit fulfils present BBC requirements 
adequately. Any further work should concentrate 
on improving diaphragm design and finding more 
suitable materials. Such an investigation would also 
require improved vacuum forming techniques. 
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